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SPECTROPHOTOTIETRIC C@PARISON OF MARTIAN CONTINENTS 
WITH IIED-GOIBRED TERRESTRIAL CAPROCK 

SI125 

1,I.Lebedeva 

Relative spec t r a l  curves o f t h e  i n t e g r a l  Martian radiat ion 

i n  the  v i sua l  region are plotted,  using the  published data. 

The same curves are drawn f o r  t he  brightness of continents 

in the  center  of t h e  disk of the  planet,  talcing i n t o  account 

t h e  o p t i c a l  e f f e c t  of Kartian atmosphere. 

compared with the  curves of spec t r a l  ref lectance of red- 

colored t e r r e s t r i a l  rocks. The l a t t e r  are determined with 

the  SF-24 spectrophotometer. Sa t i s fac tory  coincidence of 

these curves may be considered as confirmation of the  hy- 

p t h e s i s  according t o  which t h e  spec i f i c  color  of t he  

Ih- t . ian surface i s  a t t r ibu ted  t o  t h e  presence of a l imonite 

The curves are 

The o p t i c a l  p roper t ies  of t h e  Martian surface and of the  ear th 's  mantle 

have previously been compared mainly on the basis of the  data  of colorimetry 

o r  of photometry i n  broad spectrum regions, cut  out  by op t i ca l  f i l t e r s .  

invest igat ions,  and spec i f i ca l ly  t h e  s tud ies  by V.V.Sharonov ( B i b L l  - 3), 

showed t h a t  various types of na tu ra l  depositions, s t rongly colored by limonite, 

reasonably resemble Martian continents with respect t o  t h e  luminosity r and t o  

t h e  yellow color  index D. 

f o r  i r o n  ocher, which almost exactly corresponds t o  t h e  d u e s  of these para- 

These 

For example, r = 0,U and D = 1.01 have been obtained 

% Numbers i n  the  margin ind ica te  pagination in the  o r i g i n a l  foreign text. 
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meters f o r  Vartian continents: r = 0.18 and D = 1.13. 

such conclusions should evidently be based on spectrophotometric data, i.e., on 

a comparison of the  curves of t he  spectral  ref lectance f o r  t h e  K a r t i a n  surface 

with analogous curves f o r  terrestrial  specimens. 

son are given i n  this article. 

A f u r t h e r  refinement of 

The results of such a compari- 

For a comparison with the  data of terrestrial materials, we used the  

curves of t h e  relative spec t ra l  d i s t r ibu t ion  j(X) f o r  Mars in t h e  v i s i b l e  

spectrum region. All curves were reduced t o  the  value j(X) = 1 at  X = 560 mu. 

The curves were p lo t ted  f r o m  literature data  pertaining t o  three  l i g h t  charac- 

t e r i s t i c s  of the  planet.  

F i r s t ,  we used the  results of colorimetric and spectrophotometric observa- 

t i o n s  of t h e  in t eg ra l  l i g h t  of Y ! s  which ult imately gave us the  spec t ra l  dis- 

t r i b u t i o n  curve f o r  t h e  geometric albedo. The following materials were used: 

the observations by Ye.L.K~iiiov (911=1.!+) cf 1935 perfnmed wi th  a short-focus 

camera with an objective prism, at  the Observatory of t h e  P.F.Lesgaft In s t i t u t e ;  

t he  photographic observations by Woolley (Bibl.5, 6)  carr ied out  a t  t h e  S ta t e  

Observatory i n  Australia i n  1952 and 1954; t he  observations by Yu.V.Glagolevskiy 

and K.I.Rozlova (Bibl.7) i n  1955 made on t h e  Bredich astrograph with an ob- /126 
j ec t ive  prism, a t  Alma-Ata; and t h e  observations by Vaucoulers (Bibl.8) of 1958 

with a standard photoelectr ic  star photometer at  t h e  bwell Observatory. 

r e s u l t s  of t he  observations are plot ted i n  Fig.1. 

The 

Second, we used the  observations of the  apparent spec t r a l  brightness f o r  

t h e  continents a t  t h e  center  of t h e  disk. 

mean t h e  d i r ec t ly  measured value of brightness of t h e  given area of t h e  disk, 

which includes all t h e  e f f ec t s  associated with the  planet 's  a+aosphere. 

following observations were used: Sytinskayars observations (Bibl.9) of 1939 on 

E3y t he  tern "apparent brightness" we 

The 
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t h e  astrographic telescope at  the  Tashkent Observatorg i n  f i v e  spectrum regions; 

t he  spectrophotometric observations obtained by M.A.Kozyrev (Bibl.10) in 1954 

- 
400 

Fig.1 Spectral  Distribution Curves j ( X )  f o r  t h e  In tegra l  
A2hed.o of Mars 

1954; 4 - Glagolevskiy e t  al., 1955; 5 - Vaucoulers, 1958 
Observations: 1 - Krinov, 1935; 2 - Woolley, 1952; 3 - Woolley, 

with the  5O-inch r e f l ec to r  a t  the  Crimea Observatory by means of a s l i t  spectro- 

graph; t h e  observations by Guerin (Bibl.11) performed i n  1960 by means of a 

spectrograph set up a t  t h e  Cassegrain focus of the  80-cm telescope at  the  Upper- 

Provence Observatory; the  observations by Ye.I.Didychenko, 1.K.Kova.l' and A.V. 

Morozhenko (Bibl.12) performed i n  1961 at  the  State Astronomical Observator=y,/l27 

Ukraine Acaderqy of ScienceS,on the ASP-5 spectrograph s e t  up a t  the  Cassegrain 

focus of the 70-cm re f l ec to r  UT-2. The above observations, p lo t ted  i n  Fig.2, 

were separated i n  time by long intervals ,  so t h a t  the exis t ing appreciable 

sca t t e r ing  of t he  t e s t  points  i s  a t t r ibu tab le  not only t o  e r rors  of measurement 

but also t o  ac tua l  chariges on the  surface and i n  the  atmosphere of the planet.  

However, the resu l tan t  data  f o r  the  in tegra l  l i g h t  of Mars and f o r  continents 
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a t  t h e  center  of t h e  disk can be compared with the  spec t r a l  curves f o r  specimens 

of the  ear th 's  mantle only i n  f i r s t  approldglation because of  t h e  f a c t  t ha t ,  i n  

measuring the t e r r e s t r i a l  specimens, the atmosphere has no inf luence whereas t h e  
, 
I 
I ;.I 
I 

! 

Fig.2 Spectral  Distr ibut ion Curves j(1) f o r  t he  Brightness 
Factor of Continents i n  the Center of t h e  Partian Disk 
Observations: 1 - Sytinskaya, 1939; 2 - Kozyrev, 1954; 

3 - Guerin, 1960; 4 - Didychenko e t  al., 1961 

surface of Mars i s  observed through i ts  gaseous envelope whose density and com- 

p o s i t i o n  are not accurately known. 

t h e  d isk  of a planet  from without, the haze of t h e  l i g h t  sca t te red  i n  t h e  

p lane t ' s  atmosphere i s  superposed on the  disk, so t h a t  t h e  dark areas  of t h e  

surface will appear l i g h t e r  and bluer. 

It i s  common knowledge tha t ,  i n  observing 

However, the material a t  our disposal 

j u s t i f i e s  the  be l ie f  t h a t  the  op t i ca l  density of t he  Martian atmosphere i s  so 

in s ign i f i can t  i n  the  long-wave region of  the  v i s i b l e  spectrum t h a t  i t s  e f f ec t  

on t h e  observational data  can be disregarded in first ~proldmation.Nevertheless, 

i n  t h e  blue-violet spectrum region, i t s  e f f ec t  becomes appreciable and must be 

taken i n t o  consideration under a l l  circumstances. 

4 



Third, i t  i s  known that many authors, i n  addi t ion t o  the  apparent bright-  

ness, use the  d u e s  of Lambertts albedo (depending on t h e  method of calcula- 

t ion,  this can be the  brightness f ac to r  o r  t he  br ightness  coef f ic ien t ) ;  Fig.3. 

I n  this case, t he  e f f e c t  of t he  Y w t i a r ?  atmosphere i s  considered excluded by 1128 

I 

I 
I 

- - 

Fig.3 Spectral  Distribution Curves j ( h )  f o r  Lambertts Albedo 
of Continents i n  the  Center of t h e  Martian Disk 

Observations: 1 - Barabashov e t  al., 19%; 2 - Sytinskaya, 1939; 
3 - Barabashov e t  al., 1950; 4 - Koval?, 1954; 

5 - Barabashov e t  al., 1956 

means of some computational procedure. This process i s  always based on some 

system of hypotheses expressing the  scheme of t he  Martian atmosphere accepted 

f o r  t h e  pa r t i cu la r  calculation. These schemes may d i f f e r  f o r  d i f fe ren t  authors, 

SO t h a t  t h e  r e s u l t s  are not only conditional but, generally speaking, can a l s o  

not  be compared. Nevertheless, it i s  of i n t e r e s t  t o  use them f o r  p l o t t i n g  the  

s p e c t r a l  curves and f o r  comparing the results with those obtained from an in- 

ves t iga t ion  of t e r r e s t r i a l  materials. Such a reduced spec t r a l  curve was ob- 

ta ined  on the  bas i s  of observations made a t  t h e  Khartkov Astronomical Observatory 

5 



. 
. 

on t h e  200-mm Zeiss refractor  with opt ica l  filters: i n  19% by N.P.Earabashov 

and B.Ye.Semeykin (Bibl.13); i n  1950 by N.P.Barabashov and A.T.Chekirda 

(Bib1.a) ;  i n  195.!+ by I.K.Kov-alT (BibLlS),  and i n  1956 by K.P.Barabashov and 

1.K.KovalT (Bibl.16). 

used. 

d i s t r ibu t ion  i n  the spectrum of the  l i g h t  re f lec ted  by t h e  Martian continents /129 

a t  t h e  center  of t h e  disk m-d freed f r o m  atmospheric e f f e c t s  as much as possible,  

can be considered as the most su i tab le  f o r  comparison with t h e  spec t r a l  curves 

of terrestrial specimens. 

The above-indicated data by N.N.Sytinskaya were also 

The derived mean spectral  curve, representing t h e  most probable energy 

I n  select ing t h e  terrestrial  materials f o r  t h e  spectrophotometric study we 

s t a r t ed  f r o m  the  pr inc ip le  of taking only those types of s o i l s  and rocks f o r  

which v isua l  colorimetry gave a value f o r  the  yellow color  index D reasonably 

close t o  t h a t  obtained f o r  Pars. 

agree, we cannot expect t he  spectral curves t o  zgree. 

It i s  evident tha t ,  i f  t h e  values of D do not 

On the  bas i s  of the  above statemer,ts, the  following types of na tura l  t e p  

restrial ground cover were taken f o r  the spectrophotometric measurements ( a  

t o t a l  of 3 specimens): 1) red sands of  t h e  Luga stage of t he  Devonian; 2) strong- 

l y  ferruginous sands from corresponding horizons of subsoil, fo re s t  podzolic 

s o i l s  (hardpan); 3)  swamp s o i l s  r i c h  i n  f e r r i c  oxide; 4 )  "terra rossa" - a type 

of red ea r th  widespread among t h e  kars t  coas ta l  areas of t h e  Adriatic Sea; 

5 )  earthy, greasy varieties of limonite of t he  i ron  ocher type. 

w e r e  measured on the  SF-2M self-recording spectrophotometer belonging t o  the  

Photocatalyst  Laboratory of t h e  Physics I n s t i t u t e  of t h e  Leningrad S ta t e  U n i -  

vers i ty .  

as uni ty  f o r  a l l  wavelengths. 

t h e  measurements were placed i n  s p e c i a l  cuvettes with a glass  surface through 

All specimens 

The standard was E3aC03 powder whose brightness coefficiefit was taken 

The standard and the  investigated specimen during 
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which the measurements were made. 

f i c i e n t s  i n  the  430 - 740 mu wavelength i n t e r v a l  were automatically traced on 

spec ia l  forms, f r o m  which we then recorded t h e  values of t he  spec t ra l  brightness 

coef f ic ien ts  r(A) every 10 mu. 

ref lectance of specimens of red rocks relative t o  t h e  value r(X) = 1 a t  560 mu, 

and the  mean curves of the  spec t ra l  energy d i s t r ibu t ion  j ( A )  f o r  Hars: namely, 

The curves of t h e  spec t ra l  brightness coef- 

Figure 4 shows the  mean curves of the  spec t r a l  

- _  

- 1  

Fig.4 N e a n  Curves of t h e  Relative Spectral  Reflectance 

f o r  Specimens of Red Rocks: 
r ( b *  1 

1 - Devonian red sands; 2 - Hardpan; 3 - Strongly ferruginous 
swamp so i l s ;  4 - "Terra rossa"; 5 - Ocherous limonite. Nean 
curves of t he  spec t ra l  d i s t r ibu t ion  j ( X )  f o r  the three  l i g h t  
charac te r i s t ics  of Kars: a - f o r  the  i n t e g r a l  albedo; b - f o r  
the  brightness f ac to r  of the  continents a t  t h e  center of the  
disk; c - f o r  Iambert*s albedo of t he  continents a t  t he  center  

of t he  disk 

7 
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f o r  the i n t e g r a l  l i g h t  of the p lan t  ( so l id  heavy l i n e ) ,  f o r  the  apparent bright-  

ness of t he  continents (broken heavy l ine ) ,  and f o r  t he  brightness of t h e  conti- 

nents freed from t he  o p t i c a l  e f fec t  of the  atmosphere (heavy dots).  

parent  from the  diagram, the re  i s  a cer ta in  s imi l a r i t y  between the  curves f o r  

t he  terrestrial specimens and for Mars, which can be in te rpre ted  as a confirma- 

t i on  of the  hypothesis t h a t  considers limonite, a mineral having t h e  composition 

F%03 + nH20, as the  main pigment imparting t h e  cha rac t e r i s t i c  reddish color  t o  

t h e  N a r t i a n  surface. 

t he  t e r r e s t r i a l  specimens was demonstrated by t h e  value of j ( X )  f o r  t h e  apparent 

brightness of the  continents at t h e  center of t h e  ICartian disk. 

du.ced f o r  t h e  Martian atmosphere reveal a s l ight* l e s s  d i s t i n c t  s imi la r i ty ,  /130 
t o  which we should not  a t t r i b u t e  pa r t i cu la r  s ignif icance s ince the  select ion of 

t h e  specimens was random and s ince somewhat d i f fe r ing  data  can be obtained for 

a d i f f e ren t  group or' t e r r e s  i r ia l  ristez-tzls 

As i s  ap- 

I n  o m  case, t he  grea tes t  s imi l a r i t y  with the  curves of 

The data  re- 

Thus, our r e s u l t  car. be considered a s  a confirmation of t h e  hypothesis 

according t o  which the  color of Ears  i s  determined by the  preserxe of a l a rge  

quant i ty  of hydrated i ron  oxides in t h e  surface layers  of t h e  s o i l  of this 

p lane t  
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